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(S) Electrophotographic image forming apparatus with density regulating mechanism. 



(57) A density regulating mechanism for varying 
the reproduction of a specified color in an 
electrophotographic image forming apparatus 
comprises reader means (11) for reading the 
image information of an original (D) with color 
separation, to generate electrical signals ; 
synthesizing means for synthesizing thus read 
color-separates signals to generate a monoc- 
hromatic image ; and density regulating means 
for regulating the output image generated by 
said synthesizing means. The density regulating 
means outputs density information by varying 
the blending ratio of the color-separated sig- 
nals, obtained by image reading with the reader 
means, according to the selected density level. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an image forming 
apparatus equipped with an image reading device for 
reading the color information of an original image by 
a solid-state image pickup device such as a CCD. 

Related Background Art 

There is already known a digital copying machine 
capable of reading the color information of the origi- 
nal image as color-separated digital signals by a CCD 
or the like. In such digital copying machine, the color 
information of the original image is separated into col- 
ors such as R (red), G (green) and B (blue) which are 
released as respective digital signals, and a black- 
and-white (Bk) signal, corresponding to the black col- 
orin the original image, is synthesized from these dig- 
ital signals of three colors. Thus the Bk signal is 
formed by synthesizing the color-separated R, G and 
B signals, for example by arithmetic mean (Bk = (R + 
G + B)/3). 

The black (Bk) image signal may also be obtained 
by other methods. The separation of the original im- 
age into R, G and B colors and the simple synthesis 
thereof may result in a deterioration of the black im- 
age, such as color shift. For this reason, the black 
(Bk) image signal may be obtained from a color signal 
only, for example the G signal. 

However, when the black (Bk) image signal is 
synthesized from the R, G and B signals or obtained 
from a specified color signal only, such as the G sig- 
nal, as in the prior art explained above, the resulting 
printed image may involve following drawbacks. 

For example, there are encountered cases in 
which the printout is made with the black color only 
in a digital copying machine in order to reduce the 
copying cost or to increase the copying speed, or in 
which a digital copying machine is designed only for 
the printout with the black color only though the color 
separation is executed in the image reading device in 
order to achieve additional functions for the colored 
originals such as the identification of a marker. In 
either case, though an original image containing the 
black image only can be copied without problem, an 
original containing colored information may result in 
a defect in the density of the obtained black-and- 
white copy. 

For example, when a sectioned paper printed 
with blue color, with a spectral reflectance as shown 
in Fig. 3 is copied in the black-and-white color, it is dif- 
ficult to obtain such blue-printed sections on the copy 
in the ordinary copy density, if the black (Bk) signal 
is obtained as Bk = (R + G + B)/3 or Bk = G as ex- 
plained above, because the levels of B and G signals 
are high and not too much different from the ref lec- 
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tance from the white background. The density of the 
output image of such blue-colored sections will still be 
very low, even if the density level is selected highest 
within the ordinary density control range provided in 

5 the digital copying machine. 

In these cases, the absence of the image of blue- 
colored sections in the copying operation with the or- 
dinary copy density may not be considered as a seri- 
ous defect, but such absence of image even when the 

10 density control function provided in the apparatuses 
utilized is considered as a major drawback, because 
the image of such blue-colored sections cannot be 
obtained even when it is desired. 

On the other hand, the density control mode of 

15 the apparatus is so adjusted as to copy the blue- 
colored sections with a copy density of 0.5 to 1.0 in 
order to avoid the above-mentioned drawback, the 
white background of the original image which should 
appear as white on the copy will have a density of 0.3 

20 to 0.7, whereby the copy becomes grayish over the 
entire area. Also if the R component is enhanced in 
the Bk signal, a red-colored area in the original image 
is copied with a very low density at the ordinary copy 
density. 

25 

SUMMARY OF THE INVENTION 

An object of the present invention is to resolve 
the above-mentioned drawbacks in the prior art 

30 Another object of the present invention is to pro- 

vide an image forming apparatus capable of repro- 
ducing the image of a specified color with an in- 
creased or decreased density. 

The above-mentioned objects can be attained, 

35 according to the present invention, by an electropho- 
tographic image forming apparatus provided with a 
density regulating mechanism, comprising reader 
means for reading the image information of an origi- 
nal image with color separation and generating elec- 

40 trical signals; synthesizing means for synthesizing 
thus obtained color-separated signals thereby pro- 
viding a monochromatic image; density regulating 
means for regulating the density of the output image 
released by said synthesizing means; and image 

45 forming means for varying the image forming condi- 
tions of the apparatus according to density informa- 
tion released from said density regulating means, 
wherein said density regulating means is adapted to 
vary, in the output density information, the blending 

so ratio of the color-separated signals read by said read- 
er means, according to a selected density level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 Fig. 1 is a schematic plan view of an operation unit 

(density regulating mechanism); 
Fig. 2 is a block diagram showing the configura- 
tion of the entire image forming apparatus; and 

2 
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Fig. 3 is a chart showing the spectral reflectance. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 5 

Now the present invention will be clarified in de- 
tail by an embodiment thereof shown in the attached 
drawings. 

10 

[Embodiment 1] 

At first referring to Fig. 2, the image forming ap- 
paratus is provided with an image reader unit 11, a 
shading correction unit 12, an image processing unit 15 
13, an image recording unit 15, a CPU circuit unit 16, 
an operation unit (density regulating unit) 17 etc. The 
color information of an original D is separated by a 
CCD in the image reader unit 11 into R, G and B col- 
ors, which are subjected to A/D conversion to gener- 20 
ate digital signals. Subsequently there are conducted 
a shading correction, and, in the image processing 
unit 13, a density processing, including a step for gen- 
erating a monochromatic signal to be explained later. 

Based on the signal generated in said image 25 
processing unit 1 3, the image forming unit 15 effects 
image formation, utilizing a conventional electropho- 
tographic process. The processing steps are linked 
with the CPU circuit unit 16, with suitable signal ex- 
change. A density regulating mechanism to be ex- 30 
plained later is included in the operation unit 17, and 
is therefore linked with the image processing unit 13 
through the CPU circuit unit 16. 

The density regulating mechanism of the opera- 
tion unit 1 7, shown in Fig. 1 , is provided with a density 35 
scale of nine levels, numbered from 1 to 9 from lower 
to higher copy density. For example, when a level "5" 
is indicated by an LED, the density level moves to a 
lower or higher density by the depression of a copy 
density selection key 10a or 10b, respectively. The 40 
density level of the copied image is determined either 
by the depression of the copy density selection key 
10a or 10b by the user according to the original im- 
age, or automatically by the AE (automatic exposure) 
function. 45 

In the present invention, the black signal is ob- 
tained, in the levels 1 to 7, by a synthesis Bk = (R + 
G + B)/3, and, in the levels 8 and 9, by a synthesis Bk 
= (3R + G + B)/5. Thus, in said levels 8 and 9, the blue- 
colored sectioned paper can be copied with a density so 
enough for observation (D = ca. 1.0), without gener- 
ating fog or smudge in the white background area. 

Also in case the black signal is formed by Bk = G 
only, the copy density of the blue-colored sections 
can be secured by employing Bk = (2R + G)/3. 55 

In practice the image signals flow as shown in 
Fig. 2, and, according to the present invention, the im- 
age processing unit 13 varies the blending ratio of the 
R, G and B signals through the CPU circuit unit 16 ac- 



cording to the density level instructed by the opera- 
tion unit 17, and the black (Bk) signal thus obtained 
is supplied to the image forming unit. 

In the foregoing embodiment, there has been ex- 
plained the measure for the blue-colored sectioned 
paper, but, in more general terms the present inven- 
tion is featured by varying the blending ratio of the R, 
G and B signals in the black image according to the 
level of density regulation. 

[Embodiment 2] 

When the density is regulated to a higher level, 
contrary to the foregoing embodiment, the reddish 
colors can be enhanced by increasing the proportion 
of the B signal. 

[Embodiment3] 

When the density is regulated to a lower level, it 
is also possible to erase blue or red color by decreas- 
ing the proportion of blending of R and G signals or 
G and B signals, respectively. 

[Embodiment 4] 

The foregoing embodiments employ a reader 
system for separating the color information of the 
original into R, G and B colors. However, also in a dig- 
ital copying machine which recognizes the color of 
the original for example with two colors such as C 
(cyan) and R (red) colors, it is possible to emphasize, 
for example, the blue-colored sections by varying the 
blending ratio of C and R colors. 

As explained in the foregoing, in case of produc- 
ing a copy with black color only from an original with 
a digital copying machine, it is possible to increase or 
decrease the copy density of an arbitrary color in the 
original by means of the density regulating mecha- 
nism which is designed to provide appropriate copy 
densities in the standard mode, by varying the blend- 
ing ratio of the color-separated signals, in synthesiz- 
ing the black image signal, according to the level of 
the copy density. 

The image forming unit 15 shown in Fig. 2 is pro- 
vided, as already known, with an electrophotographic 
photosensitive member, corona discharge means for 
uniformly charging said photosensitive member, opt- 
ical means for exposing thus charged photosensitive 
member to optical information thereby forming a la- 
tent image thereon, developing means for developing 
said latent image at least with black toner, transfer 
means for transferring a toner image, obtained by 
said development, onto a transfer material, and fixing 
means for heat fixing the toner image On said transfer 
material, but more detailed explanation will be omit- 
ted. 
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Claims 

1 . An image forming apparatus provided with a den- 
sity regulating mechanism, comprising: 5 

reader means for reading the image infor- 
mation of an original with color separation to gen- 6. 
erate electrical signals; 

synthesizing means for synthesizing the s 
read color-separated signals to generate a single 10 
color image; 

density regulating means for regulating 7. 
the density of the output image generated by said 
synthesizing means; and 

image forming means capable of varying 15 
the image forming conditions of an image form- 8. 
ing apparatus, according to the density informa- 
tion released from said density regulating means; 

wherein said density regulating means is 
adapted to release density information by vary- 20 
ing the blending ratio of the color-separated sig- 9. 
nals read by said reader means, according to the 
selected density level. 



An apparatus according to claim 1, wherein the 25 
electrical signals obtained by image reading with 
said reader means are outputted as digital sig- 
nals. 

An apparatus according to claim 1, wherein said 30 
variation of the blending ratio of the color-sepa- 
rated signals is conducted only in a specified re- 
gion of the density level. 

An image forming apparatus provided with a den- 35 
sity regulating mechanism, comprising: 

reader means for reading the image infor- 
mation of an original with color separation by a 
solid-state image pickup device to generate digi- 
tal electrical signals; 40 

synthesizing means for synthesizing the 
read color-separated signals to generate a single 
color image; 

density regulating means for regulating 
the density of the output image generated by said 45 
synthesizing means; and 

image forming means capable of Varying 
the image forming conditions of the apparatus, 
according to the density information outputted 
from said density regulating means; so 

wherein said density regulating means is 
adapted to release density information either by 
varying the blending ratio of the color-separated 
signals read by said reader means, or without 
such variation of the blending ratio, according to 55 
the selected density level, and, in the latter case, 
the density information being obtained by divid- 
ing the sum of the color-separated signals with 
the number of separated colors. 



5. An apparatus according to claim 4, wherein said 
variation of the blending ratio of the color-sepa- 
rated signals is conducted only in a specified re- 
gion of the density level. 

6. An apparatus according to claim 4, wherein said 
solid-state image pickup device separates the 
original color into three colors of red, green and 
blue. 

An apparatus according to claim 6, wherein the 
color of the monochromatic image outputted by 
said synthesizing means is black. 

8. An apparatus according to claim 4, wherein the 
variation in the blending ratio of the color-sepa- 
rated signals is changed to emphasize the repro- 
duction of reddish colors. 

9. An apparatus according to claim 4, wherein the 
variation in the blending ratio of the color-sepa- 
rated signals is changed to emphasize the repro- 
duction of bluish colors. 

10. An apparatus according to claim 4, wherein the 
variation in the blending ratio of the color-sepa- 
rated signals is changed to weaken the reproduc- 
tion of a specif ic color. 
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FIG. 1 
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